Rivers are among the most threatened freshwater ecosystems and anthropogenic activities 27 are affecting both river structures and water quality. While assessing the organisms can provide 28 a comprehensive measure of a river's ecological status, it is limited by the traditional 29 morphotaxonomy-based biomonitoring. Recent advances in environmental DNA (eDNA) 30 metabarcoding allow to identify prokaryotes and eukaryotes in one sequencing run, and could 31 thus allow unprecedented resolution. Whether such eDNA-based data can be used directly to 32 predict the pollution status of rivers as a complementation of environmental data remains 33 unknown. Here we used eDNA metabarcoding to explore the main stressors of rivers along 34 which community structure changes, and to identify the method's potential for predicting 35 pollution status based on eDNA data. We showed that a broad range of taxa in bacterial, 36 protistan and metazoan communities could be profiled with eDNA. Nutrient were the main 37 driving stressor effecting communities' structure, alpha diversity and the ecological network. 38 We specifically observed that the relative abundance of indicative OTUs significantly 39 correlated with nutrient levels. These OTUs data could be used to predict the nutrient status up 40 to 79% accuracy on testing data sets. Thus, our study gives novel approaches into predicting 41 the pollution status of rivers by eDNA data. 42 43 Rivers are exposed to multiple stressors, particularly those derived from anthropogenic 44 pollutants, such as excess nutrient, heavy metals, pesticide, or pharmaceuticals. 1,2 Severe 45 pollution reduces the rivers' provisioning of goods and ecosystem services. 3 To alleviate rivers' 46 degradation, and to finally achieve 'non-toxic environment' and 'good health status' goals, 47 governments implement laws and regulations to manage and improve the water environment. 4
INTRODUCTION
these chemicals is based on Peng et al. 25 140 DNA extraction, PCR amplification, and next generation sequencing 141 eDNA was extracted directly from the filter membrane discs and blank controls 142 (autoclaved tap water) with a DNeasy PowerWater Kit (Qiagen Canada Inc., ON, Canada) 143 following the manufacturer's protocol. Multiple PCR assays were carried out for the target 144 gene following the previously published protocol. 13 Briefly, a universal eukaryotic primer pair 145 (1380F: TCCCTGCCHTTTGTACACAC; 1510R: CCTTCYGCAGGTTCACCTAC) was 146 used to amplify the 130 bp fragment of the hypervariable region of 18S rRNA genes. 30 In 147 analogy, the 180 bp fragment of bacterial 16s rRNA genes was amplified using the modified 148 V3 primer pair (341F: ACCTACGGGRSGCWGCAG; 518R:
bacterial, protistan and metazoan community was assigned against the Greengenes database 33 175 or the Protist Ribosomal Reference database 34 to explore co-occurrence ecological patterns between OTUs in complex communities, which 203 might be more difficult to detect using either the traditional α-or β-diversity index. Network 204 visualization of the co-occurrence relationships were generated by SparCC with 100 bootstraps 205 to assign P-values. 39 Only robust and significant correlations (|ρ| > 0.7 and 'two tailed' P < 206 0.01) between nodes were retained in the network.
207
Indicative OTUs of each level were identified using multipatt function in the R package 208 Indispecies, the Indictor Values (IndVal) were measured to reflect the conditional probability 209 of the OTUs as an indicator, the significance was tested using a permutation test (nperm=999).
210
To predict the pollution status of rivers based on these indicative OTUs data, predictive models (Figure 1a ). The majority of taxonomic lineages 228 at family level belonged to Chlorophyta, Ciliophora, and Proteobacteria (Figure 1b) , the 229 relative abundance of these taxa were also disproportionally high ( Figure S2 in the taxonomic resolution of algae by these primers. These studies suggested that the rbcL 240 and V4 region of 18S are more suitable for diatom, 42,44 yet V9 region of 18S could detect a 241 wide range of taxonomic groups. 43 The same issue of primer bias may be found in this study, 242 for example, metazoans have fewer sequences than eukaryotic protists using single V9 region 243 of 18S. Hence, multiple PCR assays using different gene regions are strongly advocated to 244 assess biota in monitoring biodiversity.
245
Nutrient identified as a major stressor of rivers 246 The values of the twenty-two environmental variables assessed varied largely across 247 samples. Subsequently, all of these variables were reduced to five principal components based 248 on PCA (details were available in SI, Table S2 ). The first two principal components (PC1 and 249 PC2) explained 40.40% of variances of the total variables ( Figure 2) . Therein, nutrient 250 (including DO, NO3 -, NH4 + , TN and TP) were most strongly associated with the first principal 251 component (PC1, Table S2 , Figure 2) , which explained 23.70 % of the variation in the data.
252
We then used this structuring along the PCA axes as our main environmental descriptors based 253 on which we wanted to study community shifts. Nutrient are in this context relevant, as they 254 have become one of the most severe environmental problems in this region after decades of 255 dense input of nutrient from anthropogenic activities. 45, 46 We used the PC 1 as a new predictor 256 representing nutrient gradients, and then split all samples into three levels (hereafter called 257 "Low nutrient", "Medium nutrient", and "High nutrient") by using the 33 rd and 66 th percentile 258 of the PC1 distribution as boundaries. 37 As expected, six nutrient-related parameters were 20 assessment of aquatic ecosystems. Sci Total Environ 2018, 637-638 
